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(57) ABSTRACT 

A circuit arrangement for the protection of integrated cir 
cuits against electrostatic discharges is described, the circuit 
arrangement having a first MOS protective transistor, a 
Second MOS transistor being connected between the gate 
terminal and source terminal of the first MOS protective 
transistor, the second MOS transistor being connected with 
its drain terminal to the gate terminal of the first MOS 
transistor, being connected with its Source terminal to the 
Source terminal of the first MOS transistor, and being 
connected with its gate terminal to the drain terminal of the 
first MOS transistor. At least one diode is connected between 
the Source terminal of the second MOS transistor and the 
Source terminal of the MOS protective transistor. 

4 Claims, 1 Drawing Sheet 
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CIRCUIT ARRANGEMENT FOR 
PROTECTING INTEGRATED CIRCUITS 

AGAINSTELECTROSTATIC DISCHARGES 

FIELD OF THE INVENTION 

The invention relates to a circuit arrangement for the 
protection of integrated circuits against electroStatic dis 
charges on a component of Such integrated circuits. 

BACKGROUND INFORMATION 

It is known that electroStatic discharges can occur in the 
manufacture of integrated circuits, in the case of hybrid 
processes in particular, in which various production 
methods, for example, the joint production of bipolar and 
MOS transistors is to take place. These electrostatic dis 
charges result in Voltage peaks which can result in destruc 
tion of the integrated circuits. 

SUMMARY OF THE INVENTION 

To protect integrated circuits, it is possible to use MOS 
protective transistors, its gate terminal is connected to the 
Source terminal of the protective transistor via a break 
distance of an additional MOS transistor. A voltage pulse 
brought about by an electrostatic discharge is present at the 
drain terminal of the protective transistor and at the gate 
terminal of the second MOS transistor. In this connection, 
use is made of the effect that, with varying gate Voltage, the 
breakdown voltage of an MOS transistor has a minimum at 
approximately 0.5 volts above a threshold voltage of the 
MOS transistor. This breakdown voltage represents the 
operating point for an effective protection against electro 
Static discharges. If a Voltage pulse now occurs as the result 
of an electrostatic discharge, the gate Voltage of the protec 
tive transistor is raised briefly above the threshold voltage as 
the result of a gate-drain capacitance. At the same time, 
however, the second MOS transistor also Switches through 
Since the Voltage pulse is present at its gate terminal So that 
the gate Voltage of the protective transistor drops again 
below the threshold voltage. Thus the electrostatic discharge 
passes through the operating point of the protective transis 
tor only briefly during the occurrence of the Voltage pulse, 
thus resulting in an unreliable design. 

The circuit arrangement according to the present inven 
tion offers the advantage that, in addition to ensuring an 
effective protection against electroStatic discharges in a 
Simple manner, it is possible to adjust the operating point of 
the protective transistor in a controlled manner for the total 
duration of an electrostatic discharge pulse. Due to the fact 
that at least one diode is connected in forward direction 
between the Source terminal of the second MOS transistor 
and the Source terminal of the MOS transistor, the effect of 
the diode, which is known per Se, can be used to maintain 
Voltages at a nearly constant level. As a result, the gate 
voltage of the MOS transistor is maintained above the 
threshold voltage for the entire duration of the pulse of the 
electroStatic discharge, making it possible to reduce the 
Voltage pulse of the electroStatic discharge in a controlled 
manner via the protective transistor. 

Instead of the diode, a Suitable Zener diode can also be 
connected in reverse direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The FIGURE shows the circuit arrangement according to 
the present invention. 

DETAILED DESCRIPTION 

A protective circuit 10 for the protection of integrated 
circuits against electroStatic discharges is shown in the 
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FIGURE. Protective circuit 10 includes an MOS protective 
transistor 12, whose drain terminal D, gate terminal G and 
Source terminal S each can be contacted via contact pads 
140. Drain terminal D of MOS protective transistor 12 is 
connected to a gate terminal G of an MOS field oxide 
transistor 14, whose drain terminal D is connected to gate 
terminal G of protective transistor 12 and whose Source 
terminal S is connected via a Series connection of diodes 16 
to source terminal S of protective transistor 12. A relatively 
high-resistance resistor R is connected between gate termi 
nal G and source terminal S of MOS protective transistor 12. 
According to additional embodiments, the number of 

diodes 16 can be varied. Thus, for example, only one diode 
16, two diodes 16 or even more than three diodes 16 can be 
connected in Series. 

A circuit arrangement to be protected (which is not 
shown) is connected at output terminals 18 and 20 of 
protective circuit 10. 
The following is attained by the circuit arrangement 

according to the present invention: 
With a positive Voltage pulse present at drain terminal D 

as the result of an electroStatic discharge, the gate Voltage of 
protective transistor 12-via a gate-drain capacitance of 
transistor 12-is increased above a threshold Voltage of 
transistor 12 So that transistor 12 becomes conductive in 
order to drain off the Voltage pulse of the electroStatic 
discharge. At the same time, the positive Voltage pulse of the 
electroStatic discharge trips transistor 14 So that the gate 
voltage of transistor 12 is present at diodes 16. Diodes 16 are 
designed in Such a way that the gate Voltage is higher than 
a forward voltage of diodes 16 so that even though there is 
a rapid current rise, the gate Voltage StayS eSSentially con 
Stant. This brings it about that the gate Voltage of transistor 
12 does not drop below the threshold voltage of transistor 12 
and it thus continues to be conductive for the total pulse 
duration of the Voltage pulse resulting from the electroStatic 
discharges. This makes a controlled adjustment of the oper 
ating point possible for an effective protection of integrated 
circuits against electroStatic discharges over the total dura 
tion of the Voltage pulse. Moreover, the circuit arrangement 
requires only a Small amount of Space in integrated circuits 
for protective circuit 10 So that it can be implemented 
economically. 

Resistor R serves to define a gate voltage of MOS 
protective transistor 12 if no voltage pulse is present as the 
result of an electrostatic discharge. Without resistor R, the 
gate Voltage would be variable and could, for example, be 
higher than a Switching voltage of the MOS protective 
transistor. Resistor R draws the gate Voltage of protective 
circuit 10 to ground in its quiescent State. 
What is claimed is: 
1. A circuit arrangement for protecting an integrated 

circuit against an electrostatic discharge, comprising: 
a first MOS protective transistor having a gate terminal, a 

drain terminal and a Source terminal; 
a Second MOS transistor having a gate terminal, a drain 

terminal and a Source terminal, the drain terminal of the 
Second transistor being connected to the gate terminal 
of the first transistor, the gate terminal of the Second 
transistor being connected to the drain terminal of the 
first transistor; and 

at least one diode coupled between the Source terminal of 
the Second transistor and the Source terminal of the first 
transistor, So that an overVoltage present at the drain 
terminal of the first transistor Switches the first transis 



US 6,452,768 B1 
3 

tor into a breakdown operation until the Overvoltage 
has decayed. 

2. The circuit arrangement according to claim 1, wherein 
the at least one diode includes a Series connection of diodes 
connected between the Source terminal of the Second tran 
Sistor and the Source terminal of the first transistor. 

3. The circuit arrangement according to claim 1, wherein 
the at least one diode includes a Series connection of three 

4 
diodes connected between the Source terminal of the Second 
transistor and the Source terminal of the first transistor. 

4. The circuit arrangement according to claim 1, wherein 
the at least one diode includes a Zener diode connected in a 
reverse direction. 


